Prior studies have documented that in firm-supplier relations where the firm makes an investment up-front, the profits are exposed to expropriation by the supplier, and results in underinvestment. We analyze such a firm-supplier relation in a bargaining framework, and show that the bargaining power of the firm is positively related to the resale value of its investment, and negatively related to the product market surplus generated by the investment. In this scenario, debt financing is advantageous to the firm since it shields some wealth away from the supplier. We also demonstrate that allowing the firm to issue debt and retire equity subsequent to the investment decision mitigates the underinvestment problem. This result obtains even when the debtholders are forced to participate in the negotiations. However, this efficiency property of debt is lost if the investment is made by the supplier and not by the firm.
Introduction
The opportunism problem in bilateral relations, that arises when one party has a bargaining advantage over the other, has been studied in different contexts in the literature (Williamson, 1975; Grout, 1984; Helper and Levine, 1992) . We analyze this problem by considering a firm that makes an up-front investment, and enters into a longterm relation with a single supplier who supplies a specialized input. Once the investment is sunk, the supplier has little incentive to stay with any prior agreements, and may bargain for a greater share of the value of the relationship by threatening to delay or stop production. 1 Although the firm may sue for breach of contract, hold-up is still possible because lawsuits are not fully effective when legal costs are high, or when there are legal delays. There is substantial empirical evidence that even the potential for a hold-up has adverse implications for equityholder value of the firm. 2 In this paper, we assume that if the supplier decides to go on "strike," a bargaining phase ensues, and production occurs only if an agreement is reached between the two parties about how to share the product market proceeds. An arrangement where the firm makes the investment, but also rationally anticipates that the final proceeds are likely to be shared with the supplier, leads to an inefficient investment decision. Observe that the efficient level of investment would be to invest until the marginal surplus is zero.
However, since the entire surplus does not go to the firm, it will only invest up to the level where the marginal surplus that accrues to it is zero. This results in underinvestment by the firm.
We show that the underinvestment described above is mitigated if the firm is allowed to issue debt and retire equity. Since debt is a senior claim, by using debt, the final surplus that has to be shared with the supplier is reduced by the face value of debt.
The equityholders of the firm do not lose in this process because they receive the market value of the debt up-front, and so effectively reduce their own equity investment. Also, since the debt is priced correctly, there is no wealth transfer from the debtholders to the equityholders. Therefore, issuing debt reduces the supplier's payoff. However, we show that debt is also costly to the equityholders, since it reduces their status quo payoff during bargaining, and also increases the expected bankruptcy costs. We demonstrate that the first cost is bounded above due to limited liability, and the second (bankruptcy cost) can be lowered by increasing investment. Thus, allowing the firm to use debt also enhances the firm's incentives to invest. These results obtain even when the debtholders are forced to participate in the negotiations. Finally, we also show that this efficiency property of debt is lost if the up-front investment is made by the supplier and not by the firm. In this case, increasing the firm's debt only exacerbates underinvestment because, with debt the divisible surplus and the supplier's return are further reduced.
Our paper is related to prior work which shows that market exchanges that involve relationship-specific investments may be sometimes governed more efficiently using long-term contracts (Joskow, 1985; Hermalin and Katz, 1993; Edlin and Reichelstein, 1996) , or vertical integration (Kliendorfer and Knieps, 1982; Wiggins, 1990 ). In particular, we extend the literature in labor economics on the problem of a supplier holding up the firm. In this context, some relevant examples include Baldwin (1983) , Grout (1984) , Bronars and Deere (1991) , Helper and Levine (1992) , Dasgupta and Sengupta (1993) , and Perotti and Spier (1993) . Our paper is also related to the research pioneered by Brander and Lewis (1986) on the commitment role of debt under imperfect competition. 3 Hermalin and Katz (1993) and Edlin and Reichelstein (1996) show that if legal enforcement of specific performance is costless and information is symmetric, then longterm contracts solve the underinvestment problem. However, debt financing is a viable alternative solution given that verification of state or performance is costly (Milgrom and Roberts, 1992:301) , and legal enforcement is costly either due to direct costs or due to legal delays (Tirole, 1990:30) . Further, it is also possible that there is asymmetric information ex ante, since firms may be privately informed about their investment, particularly about the opportunity costs of the managerial and technical personnel committed to the project. When information is not symmetric at the time of the initial bargaining, Hermalin and Katz show that contracts are not efficient, and judicial modification is necessary to restore efficiency.
The underinvestment problem that arises when contracting parties cannot make binding commitments was first modeled by Baldwin (1983) , and Grout (1984) . They show that when workers cannot commit to not holding up the firm for higher wage demands, the rational response of the firm is to lower its investment, or to maintain inefficient plant in production in order to discourage those demands. In this context, Bronars and Deere (1991) argue that firms can prevent the formation of a labor union by issuing debt. Since a union can only extract revenues that accrue to the firm after all liabilities are paid, by issuing debt, the equityholders can commit some of the revenues away from the union. 4 In a similar vein, Perotti and Spier (1993) show that firms can extract wage concessions from their workers by issuing debt and retiring equity. In their model, the debt for equity swap occurs if profits are not enough to fully pay the promised wages of the workers, and before a new investment is undertaken. This enables the firm to use the debt overhang problem (Myers, 1977; Berkovitch and Kim, 1990) to credibly threaten its workers that it will forego the profitable investment if the workers do not agree to a wage reduction. 5 Thus in both papers, debt enables the firm to reduce the surplus accruing to the labor union.
Our paper differs from Bronars and Deere (1991) in that, they use debt as a solution to the hold-up problem, but ignore the firm's investment decision and the underinvestment problem. In their model, even riskless debt would be adequate, since it shields wealth away from the supplier. We model the firm's investment decision, and show that riskless debt transfers only a fixed surplus away from the supplier, but does not affect the firm's marginal return on investment. Hence, investment remains inefficient.
On the other hand, if debt were risky, the loan given to the equityholders is discounted from its face value due to the possibility of default and due to any associated bankruptcy costs. We then show that increasing investment reduces this discount on risky debt and increases firm value. Thus the use of risky debt not only mitigates the hold-up problem but also mitigates the underinvestment problem.
Our analysis also differs from the one in Perotti and Spier (1993) . In their paper, debt is issued before investment is made, while in ours it is issued after the investment is made. This difference in timing is critical because, in their paper, debt helps the firm in its threat to underinvest, which in turn forces the workers to offer wage concessions. In our paper, debt overhang does not arise because investment is already in place. Here, debt is optimal because it shields some wealth away from the supplier. Further, we show that when the firm is allowed to issue debt and retire equity subsequent to the investment decision, the investment chosen up-front is higher, and closer to the efficient level. Thus in their model, debt causes underinvestment which is used to expropriate the supplier, while in our model debt solves the underinvestment that arises because of supplier opportunism.
Finally, our paper is also related to Helper and Levine (1992) , who analyze a firm's choice between arm's length sourcing from several suppliers and a long-term relation with a single supplier. They argue that firms with large product market rents (monopolies) prefer arm's length sourcing in order to prevent being held-up by a sole supplier who wants to share those rents, while firms with little product market rents prefer long-term relations in order to reap rents from cooperation. In our paper, we show that even those firms that have large product market rents could enter into a long-term relation with a single supplier, but can use debt to protect these rents from expropriation.
We further demonstrate that using risky debt mitigates the underinvestment problem that arises in long-term supplier relations.
The remainder of this paper is organized as follows. In section 2 we present the model and assumptions about the bargaining game. In section 3 we describe the underinvestment problem, and the debt solution. In Section 4, we consider the case where the investment is made by the supplier and not by the firm, and demonstrate that debt financing by the firm actually exacerbates underinvestment, and is no longer efficient. Section 5 contains concluding comments and a discussion of the costs associated with vertical integration, an alternative solution to the hold-up and underinvestment problems.
Model and Assumptions

Basic Framework
We model the firm-supplier arrangement in a one period, 2-date, but multi-stage framework. In the first stage on date 0, an investment I is made by the firm towards real assets that support production. This investment may be viewed as enhancing the quality of the input, and hence that of the output produced by the firm. After the investment is made, the firm makes a financial decision in the second stage. In this stage, the firm may issue debt and retire equity, where the debt (if issued) matures on date 1 and is repaid from the profits after the revenues are generated. D(≥ 0) denotes the face value of the firm's debt. Once the investment and financial decisions are made, production of the input and the subsequent output takes place in the third stage. Production occurs over the period, and at the end of the period (on date 1) the firm sells the final product and generates its revenues.
In the product market, on date 1, the firm faces a stochastic demand that generates revenues of R(Ι,ω) where ω is the random variable that represents the price risk. The lower bound of this random variable ω is normalized to zero. The probability density function of ω is f(ω) and its support is on 0,Ω [ ]. The revenues R(Ι,ω), are net of production and input procurement costs but not net of the investment of the firm, and may be viewed as the state dependent product market surplus that is generated at the end of the period. R 1 and R 2 represent partial derivatives w.r.t. I and ω, respectively. Since R does not contain the cost of the investment, but reflects the benefits from the improvement in the quality of the input, R 1 > 0. The state variable ω is arranged such that higher realizations of ω correspond to higher revenues: R 2 > 0. We assume that R(I,ω) = 0 whenever I or ω is zero. To ensure an internal optimum for investment choice, we assume that R 11 < 0. When ω = ω * , the firm is just able to pay off its debt obligations.
In other words,ω
Since R 2 (Ι,ω) > 0, the firm is bankrupt in all states ω , where, ω < ω * . Let p= Pr{ω: ω ≥ ω * } be the probability that the firm is solvent. Of course, both ω * and this probability are dependent on the level of investment and on the level of debt.
Differentiating equation (1) w.r.t. D we get
and differentiating it w.r.t I we get
The two inequalities above capture the intuitive idea that the bankruptcy states and therefore the probability of bankruptcy are increasing in D, and decreasing in I.
We also assume that bankruptcy is costly in that there are two types of dead weight costs associated with financial distress. First is the legal and administrative costs of a formal bankruptcy process, or the bargaining costs of firms involved in a private workout. The second is the indirect cost of bankruptcy that arises from consumers and suppliers being reluctant to do business with a firm in financial distress, and the competitors taking predatory actions that hasten the firm's demise. Since both the intensity of bargaining and the indirect costs of bankruptcy are related to the amount by which the revenues fall short of the liabilities, we assume that the bankruptcy costs are proportional to the size of this shortfall. For each level of debt, we denote the expected bankruptcy costs of the firm by 6
and using (1)
The expected cost is increasing in debt since both the probability and the size of the default are increasing in debt. All agents are risk neutral and the risk-free rate is assumed to be zero without loss of generality.
Let B represent the market value of the firm's debt.
For an unlevered firm, we denote the product market surplus accruing at the end of the production period by J 0 .
For a levered firm the surplus that accrues to the firm is what remains after the debt obligations are paid, and for a given face value D, we denote that amount by J(I,D)
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The Bargaining Stage
During the production stage, we assume that the supplier can halt production and hold out for a fraction of the product market surplus J 0 . Since the cooperation of the supplier is necessary for production, the end product is produced if and only if there is agreement in the bargaining phase. 7 In order that we may focus on the impact of financing choice on the bargaining power of the firm, we assume away any informational asymmetry problems between the firm and the supplier that would confound this analysis.
Hence, during bargaining, both the firm and the supplier are assumed to be informed completely and symmetrically about the distribution of the demand uncertainty variable and about the expected product market surplus. Without loss of generality, we assume that if there is no agreement in the bargaining phase then the supplier's payoff (status quo) is zero, and that of the equityholders is T, the proceeds from the resale of the investment net of any liabilities. We assume that the investment has a resale value of ρI, where 0 ≤ ρ ≤ 1. If ρ is small, i.e., close to zero, then we say that the asset specificity of the investment is high. If ρ is large (close to 1) then the asset specificity is low. Thus
In summary, the sequence of the various stages in this model are as follows. First the firm decides on its investment level. Once the investment is in place the firm has the option of issuing debt and retiring equity. This stage determines the face value of the firm's debt obligations that are due after the revenues are generated. This is followed by the bargaining phase, where the rule for the sharing of the final product market surplus between the firm and the supplier is determined. If there is no agreement in the bargaining phase, then the two parties receive their respective status quo payoffs. If there is agreement, then production takes place over the length of the period. On date 1, the products are sold, revenues are generated, and the surplus is shared after all liabilities are paid. We use backward induction and first determine the Nash equilibrium for the bargaining game, which gives us the payoffs to the firm and the supplier for a given level of debt and investment. Next we solve for the level of debt, and then investment, taking into consideration their impact on the equityholder value. The solution is restricted to be subgame perfect in the sense of Selten (1975) .
The equilibrium solution for the firm's bargained surplus is implicitly a function of the level of debt and investment chosen by the firm. Since the bargaining game is a full information game, the two parties will reach an agreement and there exists a unique subgame perfect equilibrium (Rubinstein, 1982; Sutton, 1986) . The Nash solution to the bargaining stage proposes that the firm and the supplier each receive their status quo (disagreement) payoff plus one-half of the additional surplus that is generated from 
From (10) and (11), if the firm is unlevered, the equityholders' payoff is (1/2)[J 0 + ρI]. As would be expected, the value accruing to the firm is increasing in ρ, the recoverable component of its investment. As ρ increases, the firm's status quo position is bolstered and hence its bargained surplus is higher. Also by rewriting the payoff to measure the fraction of the total surplus J 0 that accrues to the firm, we find that this fraction is (1/2)(1 + ρI/J 0 ). Thus the fraction accruing to the firm is larger if the size of the product market surplus J 0 relative to the level of investment I is smaller. This tells us that if the firm operates in an environment that is very competitive, i.e., an environment where large positive NPV projects are not available, then the firm's bargaining power visa-vis its supplier is larger. This is because the firm has little product market rents at risk and is thus less concerned about the possibility of the supplier trying to expropriate those rents. On the other hand, if the surplus J 0 is large relative to I, then the firm stands to lose a lot due to hold-up, and so the bargaining power of the firm is smaller. Hence, in this case, the firm will be reluctant to enter into a long-term relation with a single supplier, since that increases the potential for hold-up. This analysis is consistent with the argument in Helper and Levine (1992) that firms which operate in competitive markets will prefer to enter into long-term contracts with single suppliers, while firms that have high product market power will prefer arm's length sourcing from several suppliers.
Similar results are true even when the firm is levered. From (11), for a levered firm, the payoff to the equityholders is In what follows, we show that despite these costs, debt is advantageous to the firm. We also show that allowing the firm to issue debt and retire equity, increases efficiency by mitigating the underinvestment problem.
Underinvestment Problem and the Optimal Financing Choice
In this section, we first show that if the firm is not allowed to issue debt and retire equity, the supplier's propensity to hold-up the firm creates an inefficiency in the investment choice of the firm. We then demonstrate that if the firm is allowed to engage in a debt for equity swap then the underinvestment problem is mitigated. Also, for simplicity, we consider only the case where the liquidation value of the investment is zero, i.e., ρ = 0. 9
The Underinvestment Problem in an Unlevered Firm
For any firm, the efficient level of investment would be to invest until the marginal gains to the firm from a further increase in investment is zero. However, since the end-period surplus has to be shared with the supplier, the firm will only invest up to that level where the marginal surplus that accrues to it is zero. This results in the firm underinvesting relative to the efficient level defined below. Consider an unlevered firm.
Since ρ = 0, and D = 0, we have B = 0 and T = 0, and therefore the Nash solution is that both the firm and the supplier receive (1/2)J 0 . Thus equityholders maximize (1/2)J 0 -I.
Proposition 1: The level of investment selected by the equityholders of an unlevered firm
is strictly lower than that which maximizes the total end-period surplus.
Proof:
For an unlevered firm, ignoring any supplier interaction, the objective for investment choice is the maximization of the end-period surplus, Max I (J 0 -I).
Let Ι * be this optimal level of investment. Then Ι * satisfies the condition below, and is our benchmark for the efficient level of investment.
However, if we incorporate the firm's interaction with its supplier, the equityholders' objective is
and if Ι ** is the optimal investment for this maximization problem, then Ι ** satisfies the
A comparison of (14) and (16) reveals that Ι ** < Ι * . {Note:
The Optimal Financing Choice
We now demonstrate how debt affects the equityholder value in two conflicting ways. Since the bargaining is over the division of the end-period surplus J 0 , any action that would transfer a part of this surplus away from the end of the period to a point in time where sharing of the surplus does not occur, would be optimal to the firm. In other words, an optimal action by the firm will be one that will lower the divisible surplus but not the overall total amount that accrues to it. Issuing debt and retiring equity enables the firm to achieve this. Recall from (9) that by issuing debt and retiring equity the divisible surplus decreases from J 0 to J(I,D). Although debt reduces the total surplus, the equityholders are not adversely affected since they receive the loan B, and are able to capture some of the surplus up-front. Further, since the debtholders operate under full information, the loan is correctly priced and there is no wealth transfer from the debtholders to the equityholders. Therefore, the loss in value is solely to the supplier.
However, increasing debt is also costly to the equityholders because of the associated increase in bankruptcy and financial distress costs. Below we show that despite the bankruptcy costs, the firm is still able to use some debt to enhance its equityholder value.
Proposition 2: For any investment opportunity J 0 , it is optimal for the equityholders to issue debt and retire equity subsequent to the investment decision.
Proof: Since ρ = 0 (and so T = 0), the equityholders' maximization problem for debt is 
Thus the optimal level of debt is just a trade-off of the bankruptcy cost of debt (the first term) against the benefit of increased product market surplus that debt shields away from the supplier (the second term). To see that a positive level of debt is optimal despite the cost, consider D = 0. Now, bankruptcy never occurs i.e., ω * = 0, and so the first term in (17) Proof: See the Appendix.
Investment increases with debt because of two distinct reasons. First, with debt the surplus that is shared between the firm and the supplier is reduced, but the equityholders capture the value up-front through the debt for equity exchange. Their return is further magnified by increasing investment because, investment increases the market value of the loan received by them (by lowering the probability of default). Thus allowing the use of risky debt, increases the firm's incentives to invest. 10 The second reason arises due to the existence of bankruptcy costs. Although debt is associated with bankruptcy costs, proposition 2 shows that a positive level of debt is still optimal to the firm. Hence, any action that reduces the negative aspect of debt further increases the firm's optimal debt. Increasing investment is one such action. Additional investment reduces the expected bankruptcy costs and increases the firm's debt capacity, which improves equityholder value.
The result that debt may mitigate the underinvestment problem is in contrast to Myers (1977) . The difference between our two results is due to the difference in the cause of the underinvestment in the two models. In Myers (1977) , investment is made after the debt is issued, so firms underinvest since the shareholders do not capture the returns from investment in all states. On the other hand, in our paper, since investment is made before debt is issued, the loan is correctly priced to reflect all the returns on the investment, and so there is no debt overhang problem. Further, we show that when the firm is allowed to issue debt and retire equity subsequent to the investment decision, the investment chosen up-front is higher and closer to the efficient level.
In our model, we consider only the bankruptcy costs of debt and ignore other costs that arise due to well-known conflicts between capital suppliers and the firm. One such cost that is especially relevant to our model is due to the risk-shifting problem. Brander and Lewis (1986) show that when the demand for the product is stochastic, as in our model, it may be optimal for the shareholders to over-produce relative to what the bondholders prefer. With overproduction, if the state of nature is such that demand is high, then the shareholders receive large payoffs, if not, their payoffs are bounded below due to limited liability. Since the ex ante cost due to the firm's inability to commit to a production level is proportional to the debt level, which is similar to the bankruptcy cost in our model, our propositions can be extended to include this cost, and the results would be robust to the risk-shifting problem.
In a multi-period model, Hart and Moore (1994) address the problem where the firm could threaten to suboptimally liquidate unless the debt is renegotiated. Berglof and von Thadden (1994) address the other side of the same problem, where the debtholders can threaten to withhold credit for the future periods, and force liquidation unless the terms are renegotiated in their favor. In our one-period model, since there are no future periods where the debtholders can withhold funds, the latter problem does not arise. The firm and the supplier can however band together, and threaten to liquidate unless the face value of debt is reduced. This is equivalent to including the debtholders in the bargaining process, and imposing the additional constraint that the value accruing to them cannot exceed the promised face value. Here, any face value D > Max{ρI, (1/2)J 0 } would be renegotiated down to Max{ρI, (1/2)J 0 }, because the threat by the firm-supplier alliance to liquidate would be credible. However, for small levels of debt (D < Max{ρI, (1/2)J 0 }), the equilibrium where the bondholders offer no concessions is subgame perfect, and propositions 2 and 3 still obtain for some D such that 0 < D < Max{ρI, (1/2)J 0 }. 11, 12 The model has several empirical implications that are easy to test. Proposition 2 argues that firms that have long-term relations with their suppliers tend to have a higher proportion of debt in their capital structure. In the context of labor supply, the same implication may also be extended to firms that expect to face unionization by their workers. Direct evidence for this hypothesis in the labor market setting is found in Bronars and Deere (1991) , and Garvey and Gaston (1995) . They find that firms that have a higher probability of unionization have larger debt ratios. Garvey and Gaston find that this result obtains even after controlling for the endogeniety of wages, and the simultaneity of wages and debt. In their cross-sectional analysis of firms, Bronars and Deere estimate that a 10% increase in the probability of unionization is associated with a 12% increase in debt ratios.
Another empirical implication is in proposition 3 which argues that a firm's investment is positively related to its debt level, particularly for a firm that maintains long-term relations with its supplier. Although a direct analysis of investment choices and debt ratios of firms that are involved in long-term supplier relations has not been undertaken, evidence of a strong positive relation between firms' debt and their investment is documented in Harris (1994) . 13 Finally, in section 2.2, we show that firms that have large market power, i.e., firms with significant product market rents have lower bargaining power vis-a-vis their suppliers, and hence we expect those firms to be more levered than firms in competitive environments. Acs, Isberg, and Levy (1993) empirically analyze the relation between market power and financing choice of firms in manufacturing industries. Measuring market concentration with different indices such as the Herfindahl index and the 4-firm concentration ratio, they find that debt is positively related to the degree of market concentration, directly supporting our predictions.
Relationship-Specific Investment by the Supplier
In this section we analyze the case where the investment, I, is made by the supplier instead of by the firm. Here, once the investment is sunk, the incentives for hold-up arise from the firm and not from the supplier. In what follows, we demonstrate that our earlier result that the firm can mitigate the underinvestment problem by issuing debt and retiring equity, depends critically on which of the parties, the firm or the supplier, makes the investment.
The sequence of decisions and the relevant decisionmakers in this section are identical to those in the previous sections but with the exception that investment here is made by the supplier and not by the firm. So, in the first stage the supplier makes a relationship-specific investment I, which is followed by the firm's choice of D. The bargaining stage is subsequent to these two decisions because, the firm now has little incentive to adhere to any prior agreements about sharing of the product market proceeds.
We first solve for the optimal amount of debt chosen by the firm for a given level of investment by the supplier, we then solve for the optimal investment by the supplier who anticipates correctly the firm's incentives to choose debt in the subsequent stage.
Proposition 4: The level of investment made by the supplier is lower when the firm is allowed to issue debt and retire equity after the supplier's investment decision.
Proof: See the Appendix.
The proposition shows that even when the supplier makes the investment, the expected bankruptcy costs are lower and the market value of debt is higher with additional up-front investment. However, these effects are detrimental to the supplier because they increase the level of debt that the firm would select, which only reduces the supplier's share of the joint surplus. Hence, the supplier will lower its investment because its returns from investment are further diminished. Therefore, debt financing has the efficiency property of mitigating underinvestment only when the party that is making the investment is also the one that has access to the debt instrument.
The above result extends the view in Shleifer and Summers (1988) that restructurings (e.g., takeovers and leveraged buyouts) may harm stakeholders such as workers and suppliers through abrogated contracts. Thus, some of the gains to shareholders in restructurings may just be wealth transfers from other stakeholders of the firm, and not increases in efficiency. 14 Supportive anecdotal evidence is in the success of Safeway Stores and TWA in renegotiating wage contracts with their workers after an LBO. There is further evidence in Baker and Wruck (1989) that after large leverage increasing recapitalizations, firms are able to extract concessions even from other input suppliers. 15 Finally, there is also evidence in Schiller (1987) that some labor unions now demand contracts which stipulate that a firm cannot reorganize without the union's approval. This suggests that in a world with leveraged restructurings, workers and suppliers are ex ante concerned about their relationship-specific capital, and the reliability of implicit contracts.
Conclusion
Prior studies (Baldwin, 1983; Grout, 1984) have documented that in firm-supplier relations where the firm makes an investment up-front, the firm's profits are exposed to expropriation by the supplier, and results in underinvestment by the firm. We argue that allowing the firm to issue debt and retire equity subsequent to making the investment, mitigates the underinvestment problem. Debt is advantageous to the firm because it is only the equityholders who receive the loan up-front while the debt is repaid out of the end-period surplus, of which the supplier is also a stakeholder. Thus, debt financing enables the firm to shelter some of the surplus away from the supplier. However, debt also imposes two costs on the equityholders of the firm -it reduces their status quo payoff during the bargaining process, and increases the expected bankruptcy costs. We show that the first cost is bounded above due to limited liability, and the second cost (bankruptcy cost) may be lowered by increasing investment. Therefore, allowing the firm to use debt enhances the firm's incentives to invest. These results obtain even when the debtholders are forced to participate in the negotiations.
An alternative solution to the hold-up and the associated underinvestment problem is vertical integration with the supplier. Although the acquisition of complementary assets may be desirable to economize on the transaction costs, there are several other costs that arise due to vertical integration. For instance, if only a portion of the supplier's assets are required for production, a complete vertical integration will result in additional costs of administering and controlling unrelated businesses (Berger and Ofek, 1995) . Also, independent organizations provide market based incentives that are lost under vertical integration (Bradley, Desai, and Kim, 1988; Williamson, 1985) . Even from a managerial incentives perspective, expansions may be costly. Since stock value of an integrated firm is only a weak signal of the performance of any one divisional manager, stock based compensation is less efficient in integrated firms (Aron, 1991) .
Finally, if the supplier's assets are specialized, valuing these assets for acquisition may be a risky venture for the firm. This is further complicated if the supplier has liabilities that are hidden during the valuation process. 16 Of course, our discussion is not intended to convey that vertical integration is always inferior to long-term relations with independent suppliers. Prior studies by Williamson (1975) , Riordan (1989) , and Wiggins (1990) show that one of the key advantages of vertical integration is that it facilitates a superior flow of information between the two partners. In Riordan (1989) , integration is beneficial because it enables the firm to better observe the input costs. Wiggins (1990) constructs a model were he justifies why information improves under integration. He shows that when the firm and the supplier are separate, and when there is information asymmetry about cost and demand shocks, value is dissipated because either the firm's production level does not optimally reflect the cost shocks, or the supplier's production level does not reflect the demand shocks. In an integrated firm, on the other hand, when compensation of all divisional managers is tied to overall firm performance, the cost and demand shocks are revealed to all parties and are optimally incorporated in output. In our simplified model, vertical integration is handicapped because we ignore its informational advantages by assuming symmetric information between the firm and the supplier about input costs and downstream demand. Our aim is simply to illustrate that vertical integration need not be the only solution to opportunism; under certain financing conditions long-term relations between independently managed firms and suppliers can be efficiently sustained.
Appendix
Proof of Proposition 3: Suppose the firm is not allowed to undertake a debt for equity swap, and so remains fully equity financed, then the optimal investment is given by 
If I 0 is the investment that is optimal to the supplier of an unlevered firm then at I 0 ,
The claim that supplier's investment is lowered with the firm's debt is proved by observing that (A2) is negative at I 0 . 1 This is one of the key disadvantages of single sourcing documented in Lyons, Krachenberg, and Henke (1990) . Supplier opportunism may also be in the form of the supplier renegotiating a contract with the firm's rival, thereby increasing bilateral profits at the firm's expense (McAfee and Schwartz, 1994) .
♦
2 Studies by Ruback and Zimmerman (1984) , Voos and Mishel (1986) , and Clark (1989) have estimated the cost of delay in the supply of inputs. In the context of labor supply, Ruback and Zimmerman find that when a labor union wins a representation election towards union formation, the equity value drops by about 3.8%. In fact, these equityholders on average incur losses of 7.17% in the year prior to the petition of the election, indicating the investors' wariness of a potential bargaining problem in the future. In a study of non-labor inputs, Clark estimates that each day of delayed production in the automobile industry costs an average firm at least $1 million.
3 The fundamental theme in Brander and Lewis (1986) , Maksimovic (1988) , and Rotemberg and Scharfstein (1990) is that debt financing enables the firm to credibly commit to an aggressive output stance in the product market, which is an advantage under Cournot competition. In our paper (as also in Bronars and Deere, 1991, and Perotti and Spier, 1993) , debt is again a precommitment device, though not in the context of imperfect competition. Here, using debt precommits some of the future revenues of the firm to the debtholders, which proffers a bargaining advantage to the firm in its interactions with the labor union and other input suppliers.
4 This is also a benefit of debt in Dasgupta and Sengupta (1993) . They model a firm and a labor union that jointly select effort, where investment mitigates the distortion in effort caused by debt.
5 Myers (1977) shows that when investment is made after the debt is issued, firms underinvest since the shareholders do not capture the entire return from the investment. This is because the cash inflows accrue only to the debtholders when the firm is insolvent, and so a part of the expected returns goes to the bondholders.
6 Evidence supporting the notion of proportional bankruptcy costs is in Altman (1983) , Warner (1977) , and Weiss (1990) . It may however, be reasonable to assume that there are some fixed components to the administrative costs of bankruptcy. Therefore, to accurately reflect the total bankruptcy costs, we must impose an added cost of bankruptcy that represents the fixed costs faced by the firm. Thus our expected bankruptcy costs Since this change does not alter any of our results, we use the simpler specification in (4).
7 Of course, in this stage, if the firm can costlessly switch to another supplier or to another set of workers then the hold-up problem does not arise. If the firm can switch suppliers, but only at a cost, then the status quo of the shareholders can be adjusted to reflect this, and the supplier's propensity to holdup the firm still exists.
8 An earlier version of the paper contained an infinite horizon bargaining game where the equilibrium payoffs to the firm and the supplier are identical to the Nash solution above.
Directly using the Nash solution simplifies the exposition without changing the results.
9 Considering only the case where ρ = 0 simplifies the analysis without changing any of the main results. The propositions for the case ρ > 0 are available from the author upon request.
10 Issuing riskless debt does not mitigate the underinvestment problem. If debt were riskless (i.e., B = D), which would be the case, say, if the debt for equity exchange were undertaken on date 1 after the demand uncertainty ω is resolved, then the equityholder objective is Max I (1/ 2)(J 0 -D) + D -I . Here debt shields wealth away from the supplier, but the optimal investment is still given by (16), and is too low.
11 If D were below ρI or below (1/2)J 0 , then a threat by the firm-supplier alliance to liquidate would not be credible because the value lost from non-cooperation is greater for the firm-supplier alliance than for the debtholders. A formal proof of this result is in Appendix A of Hart and Moore (1994) .
12 Also, in our paper debt is beneficial only because it mitigates underinvestment. This does not preclude the existence of other advantages of debt documented in Harris and Raviv (1991) , that are not modeled here. Incorporating the tax benefits of debt will not affect our main results. Also, the signaling benefit of debt (Ross, 1977) does not apply here because we do not model information asymmetry between the managers and the outside investors of the firm. In a world where managers derive private benefits of control, debt mitigates the free cash flow problem (Jensen, 1986) , and also increases alignment of managerial incentives with those of the shareholders (Jensen and Meckling, 1976) . Again, since we do not model the manager-shareholder problem, these benefits do not arise in our analysis.
13 In proposition 4 we show that if it is the supplier and not the firm that makes the investment, then an increase in the firm's debt exacerbates underinvestment. Therefore, a study that tests the predictions of our model by analyzing the correlation between debt is driven by the change in management (that usually follows a takeover or a leveraged buyout), while in our paper it is a result of the increased debt. Thus our model would predict that wealth transfers should arise even in buyouts where the current management buys the firm (MBOs), and in those LBOs where there is no management turnover.
15 While we recognize that it is questionable to generalize based on anecdotal evidence, we are not aware of a direct empirical study on the wealth effects of LBOs on suppliers'
shareholders.
16 Ravenscraft and Scherer (1987) 
